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Dental  caries  is  a  bacterial  disease  in  which  the  prime  etiological 
agent(s)  responsible  for  its  initiation  and  progression  are  still  under 
investigation  (1). 

The  bacterial  colonization  of  smooth  tooth  surfaces  has  been  well 
documented.  Most  major  investigations  have  dealt  with  comparisons 
between  the  microflora  found  in  plaque  samples  from  carious  versus  non- 
carious  teeth.  The  studies  of  Gibbons,  et  al.  (2),  Littleton,  Kakehashi , 
and  Fitzgerald  (3),  Loesche,  et  al.  (4),  Shklair,  Keene,  and  Simonson  (5), 
Hoerman,  Keene,  and  Shklair  (6),  and  Ikeda,  Sandham,  and  Bradley  (7)  have 
all  indicated  a  statistically  significant  increase  in  the  numbers  of 
acidogenic  organisms  (mainly  Streptococcus  mutans  and  in  some  studies 
lactobacilli)  in  the  plaque  samples  from  carious  versus  non-carious  teeth. 
The  methods  employed  in  obtaining  plaque  samplings  from  these  studies  - 
dental  floss,  curettes  and  explorers  from  smooth  surfaces  and  stainless 
steel  wire  and  explorers  for  the  occlusal  surfaces  -  shed  little  light 
on  what  was  occurring  beneath  the  plaque  and  in  the  carious  portion  of 
the  tooth. 

Loesche  and  Syed  (8)  studying  Strep,  mutans  and  lactobacilli,  Shovlin 
and  Gillis  (9)  studying  lactobacilli,  and  Batty  (10)  studying  actinomyces, 
all  found  that  the  numbers  and  types  of  organisms  present  in  carious  dentin 
were  different  from  the  organisms  located  in  the  overlying  plaque. 

Pits  and  fissures  of  teeth  represent  the  most  common  sites  for  dental 
caries,  yet  they  are  the  areas  where  caries  preventive  measures  are  the 
least  effective  (11). 

Epidemiological  studies  have  consistently  indicated  that  dental 
caries  occurs  more  frequently  in  occlusal  fissures  rather  than  on  anooth 
surfaces,  which  have  up  to  now  received  the  major  share  of  study  (12,13). 
From  a  public  health  viewpoint,  the  incidence  of  caries  in  fissures  is 
affected  less,  than  that  of  smooth  surfaces,  by  various  preventive 
measures  such  as  water  fluoridation  (14)  and  sodium  fluoride  dentifrices 
or  mouthwashes  (15). 

The  anatomical  configuration  of  occlusal  pits  and  fissures  allows  for 
the  physical  entrapment  of  bacteria  which  do  not  have  the  ability  to  adhere 
to  smooth  surfaces  as  does  Strep,  mutans .  The  conditions  in  a  fissure  also 
favor  the  availability  of  substrate  for  long  periods  of  time  due  to  the 
inability  to  cleanse  these  areas.  These  unique  features  may  allow  many 
of  the  microorganisms  of  the  mouth  to  be  cariogenic,  if  not  by  themselves, 
then  by  complementing  one  another  in  the  formation  of  the  acid  required 
to  reach  the  critical  pH  for  enamel  decalcification  (16).  This  has  been 
implied  from  studies  using  animal  models  where  tooth  fissures  reacted 
differently  to  caries  reducing  agents  and  dietary  and  environmental  changes 
in  comparison  to  smooth  tooth  surfaces  (17). 

There  is  a  paucity  of  information  regarding  the  types,  numbers  and 
interrelationships  of  the  organisms  involved  in  the  initiation  of 
occlusal  decay.  A  major  problem  in  past  investigations  of  the  bacterial 
colonization  of  occlusal  fissures  and  subsequent  development  of  dental 
caries  has  been  the  inability  of  the  investigators  to  obtain  samples  of 
the  entire  fissure. 


To  resolve  this  problem,  investigators  have  developed  two  different 
approaches  using  fissure  models. 

Fejerskov,  et  al.  (18)  developed  a  study  model  consisting  of  blocks 
(2x2x3  mm)  made  from  unerupted  third  molar  occlusal  fissures  cemented 
into  amalgam  restorations  of  the  subject  mandibular  molars.  Theilade, 
et  al.  (19,20)  in  subsequent  studies  used  this  technique  in  trials 
lasting  from  one  week  to  270  days.  They  reported  that  after  removing 
the  fissure  blocks  and  performing  transmission  electron  microscope 
studies  and  microbiological  analysis  of  the  fissural  contents,  definite 
differences  existed  in  the  fissure  plaque  ecology  from  that  on  smooth 
surfaces. 

Loe,  et  al.  (21)  turned  to  fabricating  artificial  occlusal  fissure 
models  from  Mylar  which  were  placed  in  gold  inlays  and  cemented  into 
subjects  molars.  Theilade,  et  al.  (22)  using  the  Loe  model  found  their 
samples  contained  mainly  streptococci  (i.e..  Strep,  mutans  and  Strep. 
sanguis)  with  the  numbers  of  lactobacilli  increasing  over  time.  In 
a  similar  study  by  Thott,  et  al.  (23)  Strep,  sanguis  and  not  Strep,  mutans 
was  the  predominant  streptococcus  recovered  from  subjects.  Svanberg  and 
Loesche  (24),  in  trying  to  resolve  this  apparent  discrepancy,  related  the 
colonization  of  artificial  fissures  to  the  levels  of  Strep,  mutans  found 
in  the  subject's  saliva.  Their  report  indicated  that  when  the  salivary 
concentrations  of  Strep .  mutans  were  low  initially,  the  organism  did  not 
colonize  the  fissure. 

The  results  obtained  from  these  fissure  model  systems  while  enlightening 
and  interesting,  do  have  their  problems  and  limitations.  The  use  of 
artificial  fissures  while  providing  an  improved  method  of  studying  the 
microbiota  of  this  aspect  of  the  tooth,  creates  an  artificial  environment 
for  bacterial  colonization.  The  organisms  found  in  the  Mylar  fissures, 
over  the  limited  time  span  of  the  experiments,  may  or  may  not  be  the  ones 
that  actually  colonize  occlusal  fissures  and  initiate  decay  in  the  natural 
state . 

The  occlusal  fissure  block  models  from  human  third  molars  also  set  up 
an  artificial  situation.  The  fissure  block  was  separated  from  the  rest 
of  the  tooth  and  placed  in  amalgam.  This  did  not  allow  the  fissures  to 
receive  nutrient  or  fluid  from  the  dentinal  tubules  which  Brown,  Wachtel 
and  Wheatcroft  (25,26)  surmised  may  be  needed  to  initiate  and  sustain 
penetrating  decay.  Employing  this  model,  no  caries  developed  in  the 
fissure,  even  rinsing  with  a  sucrose  solution  twice  daily  for  270  days 
(19,20). 

This  investigation  had  two  major  objectives:  1)  to  develop  a  method, 
employing  suction,  for  the  collection  of  the  entire  contents  of  occlusal 
fissures;  and  2)  to  employ  this  technique  for  the  study  of  types  and  numbers 
of  microorganisms  implicated  in  occlusal  caries  activity  (Strep,  mutans, 
Strep,  sanguis.  Strep,  faecalis,  lactobacilli  and  actinomyces) . 


Materials  and  Methods 

Subjects  -  Three  groups  of  male  naval  recruits,  17-22  years  of  age 
were  selected  for  study.  The  first  group  consisted  of  24  men  who  had 
only  occlusal  lesions  present  in  their  mouths.  The  second  group  consisted 
of  24  men  who  were  diagnosed  as  having  both  occlusal  and  proximal  decay. 

Rn  incipient  carious  fissure  from  a  posterior  tooth  was  removed  from  each 
of  the  latter  subjects.  Group  1  and  2  were  set  up  to  investigate  if 
differences  in  the  percentage  of  Strep,  mutans  were  present  between  the 
fissures  taken  from  patients  with  only  occlusal  decay  versus  patients  with 
both  occlusal  and  proximal  decay.  The  third  group  consisted  of  20  men 
who  had  at  least  one  posterior  proximal  carious  tooth  surface.  A  non- 
carious  fissure  was  removed  from  each  of  these  subjects  when  the  occlusal 
extension  for  access  to  the  proximal  lesion  was  performed.  All  teeth  were 
previously  diagnosed  as  having  either  an  incipient  occlusal  lesion  or  a 
proximal  lesion  by  an  independent  examiner.  An  oral  examination  and  a 
radiographic  review  were  performed  on  all  subjects  prior  to  fissure  removal 
to  verify  the  suitability  of  the  lesion  for  inclusion  in  the  study.  The 
Radike  (27)  criteria  for  the  diagnosis  of  incipient  occlusal  caries  was 
used  as  the  standard  for  selection.  There  had  to  be  no  radiographic  evidence 
of  dentinal  involvement,  and  the  explorer  must  have  experienced  a  definite 
"stick"  or  catch  in  the  prospective  fissure.  The  final  verification  of  the 
suitability  of  the  lesion  to  be  classified  as  "incipient"  was  made  after 
removal  of  the  carious  fissure.  A  depth,  after  all  caries  removal,  of  no 
more  than  approximately  0.5  mm  below  the  dentino-enamel  junction  (DEJ) 
was  the  determinant  for  final  classification  of  a  lesion  as  incipient. 

Teeth  requiring  cavity  preparations  deeper  than  0.5  mm  beyond  the  DEJ  or 
not  requiring  penetration  of  the  dentin  for  removal  of  the  fissural  decay 
were  excluded  for  this  study.  The  non-carious  fissures  were  prepared  to 
a  depth  of  approximately  0.5  mm  below  the  DEJ. 

Fissure  Sampling  -  The  sampling  technique  consisted  of  a  preparation 
phase  and  a  sample  phase.  The  preparation  phase  was  concerned  with  reducing 
smooth  surface  plaque  and  rubber  dam  bacterial  contamination.  The  sample 
phase  consisted  of  testing  for  any  residual  bacteria  surrounding  the  sample 
fissure  and  removing  the  fissure  for  collection.  Sterile  technqieus  were 
observed  both  during  the  preparation  and  sample  phases.  The  operator  and 
assistant  were  gloved  and  all  instruments  had  been  previously  autoclaved 
(121°C,  15  psi  pressure).  In  the  preparation  phase  the  selected  tooth  was 
anesthetized  using  a  local  anesthetic  solution.  A  rubber  dam  was  placed  over 
the  operative  quadrant  to  preclude  contamination  by  the  patient's  saliva.  A 
prophylaxis  to  reduce  smooth  surface  plaque  was  performed  on  all  exposed 
tooth  surfaces  using  sterile  pumice  and  a  bristle  brush.  Special  emphasis 
was  placed  on  the  selected  tooth's  occlusal  surface.  The  area  of  the 
rubber  dam  surrounding  the  teeth  and  all  exposed  tooth  surfaces  with  the 
exception  of  the  sample  tooth's  occlusal  surface  were  swabbed  with  Lugol's 
solution  for  a  period  of  one  minute.  Sterile  water  was  used  to  remove  the 
pumice  and  iodine  solution  from  the  sample  area.  Three  microbiologic  samples 
were  collected  for  each  fissure  removed  during  the  sampling  phase.  The 
first  sample  was  taken  of  the  water  spray  as  it  emerged  from  the  high-speed 
handpiece.  The  second  sample  was  collected  as  the  handpiece  was  held  over 
the  sample  tooth  and  approximately  5  cc's  of  water  spray  was  allowed  to  run 
across  the  occlusal  surface. 
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These  two  samples  were  obtained  to  detect  any  bacterial  contamination 
from  either  the  water  spray,  the  surfaces  of  the  sampled  tooth,  or  the 
surrounding  area  of  the  dam.  The  fissural  counts  were  adjusted  by  deducting 
the  respective  counts  from  the  total  or  the  individual  microorganism  CFU's 
as  needed.  The  third  sample  was  taken  as  the  tooth  was  prepared  and  the 
fissure  completely  removed  using  a  high-speed  handpiece  with  water-air 
coolant  spray,  with  the  fissural  contents  being  collected  simultaneously. 

All  preparations  were  made  using  a  pear-shaped  330*  friction  grip  bur. 

Samples  were  collected  by  suction  into  a  sterile  sampling  container  adapted 
to  fit  into  the  line  of  a  portable  suction  apparatus.  The  bur  used  in 
removing  the  tooth's  fissure  was  placed  in  2  ml  of  thioglycollate  medium** 
which  acted  as  a  transporting  and  holding  media.  The  microbial  content 
remaining  on  the  bur  would  be  analyzed  employing  the  same  techniques  used 
for  the  three  microbiological  samples  and  its  CFU's  added  to  the  fissures 
CFU's  for  the  total  and  respective  organisms  recovered. 

Culturing  of  Fissure  Samples  -  The  three  sample  volumes  were  first 
measured  and  then  dispersed  using  a  sonifer***  for  5-10  seconds.  Prior  to 
dilution  and  plating,  all  samples  were  further  dispersed  on  a  vortex  mixer 
for  approximately  10  seconds.  All  samples  were  serially  diluted  in  0.05% 
yeast  extract**  and  plated  in  duplicate  on  the  following  media:  blood  agar** 
for  total  bacterial  count;  IBS  agar**  for  lactobacilli;  PSE  agar****  for 
Strep,  faecal is;  Mitis-Salivarius  agar,  with  and  without  bacitracin**  for 
total  streptococcal.  Strep,  sanguis  and  Strep,  mutans;  and  trypticase  soy 
agar  (TSA)**  containing  115  ug/ml  of  sodium  fluoride,  20  ug/ml  of  cadmium 
chloride  (28),  750  ug/ml  of  crystal  violet,  and  10  ug/ml  of  metronidazole 
(29)  for  actinomyces.  The  plates  were  incubated  in  a  95  percent  nitrogen  - 
5  percent  carbon  dioxide  atmosphere  at  37°C  for  48  hours.  The  IBS  and  the 
actinomyces  plates  were  incubated  for  72  hours.  The  number  of  colony  forming 
units  ( CFU)  were  determined  for  each  plate.  Gram  stains  were  performed  on 
selected  colonies  as  an  aid  in  identification.  The  colonial  characteristics 
of  Strep .  mutans  as  described  by  Jordan  and  his  co-workers  (30)  was  used  to 
confirm  the  presence  of  this  organism.  The  biochemical  scheme  described  by 
Shklair  and  Keene  (31)  was  used  in  separating  the  biotypes  of  Strep,  mutans. 
The  biochemical  scheme  from  Bergey's  Manual  (32)  was  employed  for  the 
differentiation  of  species  of  lactobacilli. 

Statistical  Analysis  -  Data  was  compared  statistically  among  the  three 
groups  separately  and  between  Groups  1  and  2  (carious  fissures  collectively) 
and  Group  3  (non-carious  fissures).  One  way  analysis  of  variance  was  applied 
to  all  groups  to  determine  if  significant  intergroup  differences  could  be 
detected.  If  significance  was  found,  nonparametric  Kruskal-Wallis  and 
Mann-Whitney  U  tests  were  performed.  A  difference  that  would  occur  with 
P  <  0.05  was  considered  significant.  Absolute  numbers  of  bacteria  were  not 
used  in  comparing  differences  between  the  three  test  groups  because  of  the 
great  variations  in  fissure  volume  (length,  width  and  depth  of  the  enamel- 
dentin  boundaries  in  which  the  bacteria  were  contained)  from  different  teeth. 
A  larger  fissure  (i.e.,  molar  versus  premolar)  could  possess  a  greater  number 
of  a  microorganism  because  of  an  increased  capacity.  Consequently,  only 
the  percentage  of  the  total  bacterial  count  of  single  types  or  groups  of 
microorganisms  were  used  for  intergroup  comparisons. 

*S.  S.  White,  Philadelphia,  PA  19102. 

**DIFCO,  Detroit,  MI  48201. 

***Heat  Systems  -  Ultrasonics,  Inc.,  Plainview,  N.  Y.  10032. 

****PFIZER,  New  York,  N.  Y.  10017. 


4 


Results 


Table  1  lists  the  colony  forming  units  (CFU)  that  were  recovered  for 
all  the  organisms  under  investigation.  These  figures  indicate  a  similar 
recovery  rate  with  our  sampling  technique  when  compared  to  the  rates 
obtained  in  the  fissure  study  models  of  others  (18-24).  The  total  counts 
and  the  CFU's  of  specific  organisms  studied  each  yielded  higher  totals  in 
the  carious  than  in  the  non-carious  fissures  (Table  1). 

Table  2  indicates  the  percentage  of  the  total  count  of  each  organism 
or  group  of  organisms  isolated,  as  well  as  the  prevalence  of  individual 
organisms  at  the  time  of  sampling.  Streptococci  accounted  for  26.5%  of  the 
carious  fissural  flora,  and  19.3%  of  the  non-carious  flora.  This  difference 
was  not  statistically  significant. 

All  of  the  carious  fissures  had  detectable  levels  of  Strep,  mutans , 
whereas  three  of  the  20  non-carious  fissures  did  not  harbor  these  organisms. 
Strep,  mutans  comprised  7.3%  of  the  total  flora  of  carious  fissures  compared 
to  2.3%  of  the  non-carious  flora.  This  difference  was  statistically 
significant.  There  was  a  tendency  for  Group  1  (occlusal  caries  only)  to  have 
more  Strep,  mutans  in  its  fissures  than  Group  2  (occlusal  and  proximal  caries) 
however,  this  difference  was  not  significant.  There  was  a  significant 
difference  in  the  percentage  of  Strep,  mutans  isolated  from  Group  1,  but  not 
Group  2,  when  compared  to  Group  3  (non-carious  fissures). 

Strep,  sanguis  accounted  for  a  smaller,  but  statistically  non-significant 
percentage  of  the  total  count  in  the  carious  fissures  than  in  the  non-carious 
fissures  (Table  2).  Strep,  sanguis  was  absent  in  two  of  the  carious  fissures 
but  was  present  in  all  the  non-carious  fissures. 

Strep,  faecalis  was  not  found  in  any  of  the  non-carious  fissures  (Table 
2)  and  only  four  carious  fissures  harbored  this  microorganism.  Strep. 
faecalis  comprised  the  smallest  percentage  of  the  total  microflora  of  all 
the  microorganisms  under  study  in  the  carious  fissures.  This  suggests  that 
Strep,  faecalis  was  not  a  normal  inhabitant  of  the  occlusal  fissures  and 
was  not  a  significant  contributor  to  the  initiation  of  occlusal  fissures 
decay  among  the  teeth  that  were  sampled. 

When  isolated,  Actinomyces  viscosus  comprised  a  percentage  of  the  total 
count  similar  to  that  for  Strep,  sanguis  in  both  the  carious  and  non-carious 
fissures  (Table  2).  A.  viscosus ,  however,  was  isolated  less  frequently  than 
with  Strep,  sanguis .  No  significant  differences  were  noted  among  any  of  the 
groups  with  respect  to  any  of  the  percentages  of  A.  viscosus . 

Lactobacilli  were  found  in  38%  of  the  carious  fissures  and  15%  of  the 
non-carious  fissures  (Table  2).  This  was  not  found  to  be  a  statistically 
significant  difference. 

The  majority  of  Strep,  mutans  were  identified  as  biotype  c  (31)  for  both 
the  carious  and  non-carious  fissures.  The  lactobacilli  from  both  the  carious 
and  non-carious  fissures  were  identified  as  predominantly  Lactobacillus  casei 
(Table  3). 


The  contribution  of  Strep,  mutans  and  Strep,  sanguis  to  the  percentage 
of  the  total  streptococcal  count  is  presented  in  Table  4.  Strep,  mutans 
comprised  24%  of  all  the  streptococci  in  the  carious  fissures,  vAiile  accounting 
for  only  11.2%  of  the  streptococci  in  non-carious  fissures.  This  difference 
was  statistically  significant.  There  was  not  a  statistical  difference  in 
the  percentages  of  Strep,  mutans  between  Group  1  and  Group  2.  There  was  a 
trend,  however,  similar  to  the  one  illustrated  in  Table  2,  for  a  greater 
number  of  Strep,  mutans  to  be  associated  with  fissures  from  mouths  experiencing 
only  occlusal  decay.  Significant  differences  between  the  percentages  of 
Strep,  mutans  were  found  between  Group  1  and  Group  3  and  between  Group  2 
and  Group  3. 

Strep,  mutans  displayed  more  than  a  two-fold  increase  over  Strep,  sanguis 
in  carious  fissures  when  their  respective  contributions  to  the  total 
streptococcal  count  were  compared  (Table  4).  Non-carious  fissures  displayed 
a  reversal  of  this  relationship,  where  Strep,  sanguis  comprised  over  twice 
the  percentage  of  the  total  streptococcal  population  as  did  Strep,  mutans. 

These  differences  were  statistically  significant. 

An  inverse  relationship  was  noticed  when  the  Strep,  mutans  to  the  strep. 
sanguis  percentages  from  Tables  2  and  4  were  compared.  There  was  a  tendency 
for  the  Strep,  sanguis  to  decrease  as  Strep,  mutans  increased.  The  Strep. 
mutans/Strep .  sanguis  (M/S)  ratio,  shown  in  Table  5,  depicts  this  relationship. 
This  ratio  was  proposed  by  Loesche  (4,33)  as  a  predictor  for  the  cariogenic 
potential  of  a  fissure.  The  ratio  is  derived  for  each  fissure  by  dividing 
the  percentage  of  Strep,  mutans  from  the  total  counts  by  the  corresponding 
percentage  for  Strep,  sanguis.  Using  as  a  reference  M/S  ratio  of  one,  the 
greater  or  lesser  the  M/S  ratio,  the  greater  the  difference  between  the 
percentages  of  Strep,  mutans  to  Strep .  sanguis  in  the  fissure.  The  carious 
fissures  had  a  significant  eleven-fold  increase  in  this  ratio  over  the  non- 
carious  fissures.  No  significant  difference  was  noted  between  the  M/S  ratios 
of  Group  1  and  Group  2.  A  trend  could  be  seen  for  higher  percentages  of 
Strep .  mutans  than  Strep .  sanguis  in  the  fissures  of  mouths  having  both 
proximal  and  occlusal  decay.  Both  Group  1  and  Group  2  demonstrated  signi¬ 
ficantly  different  M/S  ratios  when  compared  to  Group  3. 

Table  6  indicates  the  frequency  with  which  each  species  of  microorganisms 
comprised  the  predominant  member  of  the  fissural  microflora,  at  the  time  of 
sampling.  In  the  carious  fissures  Strep,  mutans  was  the  predominant  organism 
in  the  highest  percentage  of  fissures  when  A.  viscosus  held  this  position  in 
the  non-carious  fissures. 


Discussion 

The  data  from  this  investigation  presents  a  strong  case  for  the  role  that 
Strep,  mutans  plays  in  the  initiation  of  incipient  occlusal  fissure  decay. 

It  does  not,  however,  rule  out  the  role  of  other  microorganisms,  either  by 
themselves  or  in  conjunction  with  Strep,  mutans,  in  initiating  fissure  decay. 

If  one  assumes  that  in  a  carious  fissure  the  organism  in  greatest  numbers 
is  the  most  likely  candidate  to  be  the  prime  odontopathogen,  then  Strep. 
mutans  would  be  that  candidate.  Strep,  mutans  comprised  the  majority  of  the 
bacterial  population  in  48%  of  the  carious  fissures  compared  to  25%  of  the 
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non-carious  fissures  (Table  6).  Strep,  mutans  and  lactobacilli  were  the 
only  microorganisms  studied  which  displayed  an  increase  in  the  frequency 
of  comprising  the  predominant  member  of  the  fissural  population  when 
comparing  non-carious  and  carious  fissures.  Strep,  sanguis  and  A.  viscosus 
decreased  in  the  frequency  in  which  they  comprised  the  majority  of  the 
bacterial  population  when  comparing  non-carious  and  carious  fissures. 

Strep,  mutans  was  always  associated  with  occlusal  decay,  and  was  the 
only  organism  studied  that  displayed  this  relationship.  However,  Strep . 
mutans  was  also  present  in  85%  of  the  non-carious  fissures?  in  25%  of  the 
cases  Strep .  mutans  was  present  in  greater  total  numbers  than  in  the 
carious  fissures. 

Considering  the  results  obtained  in  this  study,  one  cannot  state  with 
certainty  that  Strep,  mutans  is  the  sole  member  of  the  fissural  flora 
responsible  for  initiating  fissural  decay.  Strict  anaerobic  techniques  might 
divulge  different  species  that  are  important.  The  wide  variations  in  the 
amounts  of  microorganisms  found  in  both  carious  and  non-carious  fissures 
(represented  in  the  tables  by  the  large  standard  deviations)  are  similar  to 
those  observed  in  previous  fissure  studies  (18-23).  This  may  indicate  that 
each  fissure  is  a  unique  ecosystem  in  itself  and  many  factors  play  a  role  in 
determining  whether  a  fissure  will  or  will  not  become  carious.  This  is 
further  demonstrated  by  examining  the  Strep,  mutans/ Strep,  sanguis  (M/S) 
ratios  of  the  carious  and  non-carious  fissures  (Table  5).  Loesche's  (4,33) 
assumption  that  a  ratio  greater  than  one  is  indicative  of  a  strong  potential 
for  caries  to  develop,  appears  generally  accurate.  However,  this  does  not 
hold  true  for  all  carious  and  non-carious  fissures  when  examined  individually. 
Thirty-eight  percent  of  the  carious  fissures  displayed  an  M/S  ratio  less  than 
one.  The  M/S  ratios  of  25%  of  the  non-carious  fissures  and  the  overall  average 
ratio  for  the  group  was  greater  than  one.  Whether  other  modifying  factors  in 
the  fissure  prevented  decay  in  the  presence  of  increased  amounts  of  Strep. 
mutans  in  relation  to  Strep .  sanguis  is  not  known.  Perhaps  these  fissures, 
in  time,  will  become  carious. 

No  clear  statistical  differences  were  noted  in  the  quantity  of  Strep. 
mutans  found  in  the  fissures  of  patients  with  only  occlusal  decay  present, 
versus  those  with  both  occlusal  and  proximal  lesions.  However,  a  trend  was 
present  which  indicated  that  greater  quantities  of  Strep,  mutans  were 
associated  with  those  fissures  in  patients  with  only  occlusal  decay.  This 
is  contrary  to  what  one  would  suspect  because  of  the  strong  association  of 
Strep,  mutans  in  smooth  surface  decay  (4-6).  There  should  have  been  more 
Strep,  mutans  in  the  mouths  of  the  patients  with  proximal  decay  than  just 
occlusal  decay  and  hence  a  greater  chance  for  increased  seeding  of  Strep. 
mutans  into  these  patient's  fissures.  The  reason  for  this  unexpected  result 
is  not  known. 

The  present  investigation  provided  for  the  first  time  the  removal  for 
study  of  the  entire  incipient  carious  fissure.  This  data  in  conjunction 
with  previous  fissure  investigations  of  Loesche  (4,33)  and  Ikeda,  Sandham, 
and  Bradley  (7)  increase  the  understanding  of  the  microorganisms  implicated 
in  the  carious  process  in  the  most  caries-prone  areas  of  the  tooth. 
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The  complexity  of  fissural  decay  and  its  impact  on  time  and  resources 
of  naval  personnel  necessitates  that  further  investigations  are  needed  to 
enhance  the  understanding  of  the  etiology  of  fissural  decay  specifically 
and  tooth  decay  in  general.  Clinical  trials  utilizing  therapeutic  agents 
which  can  effectively  eliminate  all  viable  microflora  in  incipient  fissural 
decay  should  be  undertaken.  Use  of  these  agents  would  prove  less  time 
consuming  and  more  cost-effective  than  the  currently  employed  restorative 
procedures  used  to  eliminate  carious  fissures.  If  an  effective,  inexpensive 
method  of  prevention  or  treatment  could  be  discovered,  a  significant  reduction 
in  man-days  lost  for  restorative  treatment  and  an  enhancement  of  the  combat 
readiness  of  Navy  and  Marine  Corps  personnel  would  be  realized. 
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Summary 


Pits  and  fissures  of  teeth  represent  the  most  common  sites  for  dental 
decay,  yet  these  are  areas  where  preventive  measures  are  least  effective. 

These  sites  are  also  difficult  to  sample,  consequently,  there  is  a  paucity 
of  information  on  bacterial  colonization  and  initiation  of  the  decay 
process . 

This  investigation  had  two  major  objectives:  1)  to  develop  a  method 
for  the  collection  of  the  entire  bacterial  contents  of  occlusal  fissures, 
and  2 )  to  use  this  technique  for  the  study  of  the  type  and  numbers  of 
microorganisms  found  in  incipient  occlusal  fissure  decay. 

The  fissure  sampling  technique  consisted  of:  1)  isolation  of  the  sample 
teeth  with  a  rubber  dam,  2}  removal  of  all  surface  contamination  from  the  teeth 
and  surrounding  rubber  dam,  and  3)  removal  of  the  fissure  by  high-speed  hand- 
piece  and  water  spray  with  suctioning  of  the  fissural  contents  into  a  sterile 
sampling  container. 

A  total  of  68  teeth  from  naval  recruit  volunteers  were  sampled,  using 
this  technique.  Forty-eight  of  these  teeth  had  occlusal  fissure  decay  and 
20  had  no  occlusal  fissure  decay. 

The  total  number  of  microorganisms  removed  from  the  decayed  fissures 
was  four  times  the  total  number  recovered  from  the  non-decayed  fissures. 

Strep,  mutans  was  the  only  microorganism  under  investigation  which  was 
recovered  from  all  decayed  fissures,  found  in  significantly  (p  <  0.05) 
greater  numbers  in  decayed  than  in  non-decayed  fissures,  and  was,  most  often, 
the  predominant  member  of  the  bacterial  population  in  decayed  fissures. 

From  this  data.  Strep,  mutans  appears  to  play  an  important  role  in  the 
initiation  of  decay  in  occlusal  fissures.  This  data,  however,  does  not 
solely  implicate  Strep,  mutans  in  occlusal  decay,  nor  rule  out  the  possibility 
of  other  organisms  contributing  to,  or  being  an  important  factor  in  the  decay 
process  of  occlusal  fissures. 

The  complex  nature  of  occlusal  decay  warrants  further  study  to  increase 
the  understanding  of  its  cause  so  that  more  efficient  means  of  prevention 
and  treatment  can  be  developed.  An  effective,  inexpensive  method  of  treating 
or  preventing  incipient  fissure  decay  would  result  in  a  significant  reduction 
in  man-days  lost  for  restorative  treatment  and  enhance  the  combat  readiness  of 
Navy  and  Marine  Corps  personnel. 


9 


References 


1.  Fitzgerald,  R.  J,  Microbiological  aspects  of  dental  caries.  JADA 
66:597-599,  1963. 

2.  Gibbons,  R.  J. ,  Socransky,  S.  S. ,  De  Arauja,  W.  C.  and  Van  Houte,  T. 
Studies  of  the  predominant  cultivable  microbiota  of  dental  plaque.  Archs. 
Oral  Biol.  9:365-370,  1964. 

3.  Littleton,  N.  W. ,  Kakehashi,  S.  and  Fitzgerald,  R.  J.  The  recovery 

of  specific  "caries-inducing"  streptococci  from  carious  lesions  in  the  teeth 
of  children.  Archs.  Oral  Biol.  15:461-464,  1970. 

4.  Loesche,  W.  J. ,  Rowan,  J. ,  Straffon,  H.  and  Loos,  P.  J.  Association 
of  Streptococcus  mutans  with  human  dental  decay.  Infect.  Immun.  11:1252- 
1260,  1975. 

5.  Shklair,  I.  L. ,  Keene,  H.  J.  and  Simonson,  L.  G.  Distribution  and 
frequency  of  Streptococcus  mutans  in  caries-active  individuals.  J.  Dent. 
Res.  51:882,  1972. 

6.  Hoerman,  K.  C. ,  Keene,  H.  J. ,  and  Shklair,  I.  L.  The  association  of 
Str epto coccus  mutans  with  early  carious  lesions  in  human  teeth.  JADA  85: 
1349-1352,  1972. 

7.  Ikeda,  T. ,  Sandham,  H.  J.  and  Bradley,  E.  L.  Changes  in  Streptococcus 
mutans  and  lactobacilli  in  plaque  in  relation  to  the  initiation  of  dental 
caries  in  Negro  children.  Archs.  Oral  Biol.  18:555-566,  1973. 

8.  Loesche,  W.  J.  and  Syed,  S.  A.  The  predominant  cultivable  flora  of 
carious  plaque  and  carious  dentine.  Caries  Res.  7:201-216,  1973. 

9.  Shovlin,  F.  E.  and  Gillis,  R.  Biochemical  and  antigenic  studies  of 
lactobacilli  isolated  from  deep  dentinal  caries:  I.  Biochemical  aspects. 

J.  Dent.  Res.  48:356-360,  1969. 

10.  Batty,  I.  Actinomyces  odontolyticus  a  new  species  of  actinomyces 
regularly  isolated  from  deep  carious  dentine.  J.  Pathol.  Bact.  75:455- 
459,  1958. 

11.  Marthaler,  T.  M.  Improved  oral  health  of  school  children  of  16 
communities  after  8  years  of  prevention.  II.  Findings  in  different  types 
of  caries  predilection  sites.  Helv.  Odont.  Acta  19:2-12,  1975. 

12.  Reid,  D.  B.  W.  and  Grainger,  R.  M.  Variation  in  caries  susceptability 
of  children's  teeth.  Human  Biol.  27:1-11,  1975. 

13.  Miller,  J. ,  Hobson,  P.  and  Gaskell,  T.  J.  The  effect  on  the  onset  of 
human  fissure  caries  of  the  early  or  late  eruption  of  teeth  and  the  presence 
of  an  opponent  tooth,  archs.  Oral  Biol.  13:661-676,  1968. 

14.  Backer-Dirks,  O.  The  relation  between  the  fluoridation  of  water 
and  dental  caries  experiences.  Int.  Dent.  J.  17:582-665,  1967. 


J. 


15.  Koch,  G.  Effect  of  sodium  fluoride  in  dentifrice  and  mouthwash  on 
the  incidence  of  dental  caries  in  school  children.  Odont.  Rev.  18:Suppl 
12,  1957. 


16.  Nolte,  W.,  ed.  Oral  Microbiology,  3rd  edition.  St.  Louis,  C.  V.  Mosby, 
1977,  pp.  515-535. 

17.  Fitzgerald,  R.  J.  and  Jordan,  H.  V.  Polysaccharide  producing  bacteria 
and  caries,  in  Harris,  ed..  Art  and  Science  of  Dental  Caries  Research,  New 
York,  Academic  Press,  1968. 

18.  Fejerskov,  0.,  Silvers,  J. ,  Karring,  T.  and  Loe,  H.  The  occlusal 
fissure  of  unerrupted  third  molars  as  an  experimental  caries  model  in  man. 
Scand.  J.  Dent.  Res.  84:142-149,  1976. 

19.  Theilade,  J.,  Fejerskov,  0.  and  Horsted,  M.  A  transmission  electron 
microscope  study  of  7-day  old  bacterial  plaque  in  human  tooth  fissures. 

Archs.  Oral  Biol.  21:587-598,  1976. 

20.  Theilade,  E. ,  Fejerskov,  0.,  Karring,  T.  and  Theilade,  J.  A 
microbiological  study  of  old  plaque  in  occlusal  fissures  of  human  teeth. 
Caries  Res.  12:313-319,  1978. 

21.  Loe,  H. ,  Karring,  T.  and  Theilade,  E.  An  in  vivo  method  for  the 
study  of  the  microbiology  of  occlusal  fissures.  Caries  Res.  7:120-129, 

1973. 

22.  Theilade,  E. ,  Larson,  R.  H. ,  and  Karring,  T.  Microbiological  studies 
of  plaque  in  artificial  fissures  implanted  in  human  teeth.  Caries  Res. 
7:130-138,  1973. 

23.  Thott,  E.  K. ,  Folke,  L.  E.  A.  and  Sveen,  0.  B.  A  microbiological 
study  of  human  fissure  plaque.  Scand.  J.  Dent.  Res.  82:428-436,  1974. 

24.  Svanburg,  M.  and  Loesche,  W.  J.  The  salivary  concentration  of 
Streptococci  mutans  and  Streptococci  sanguis  and  their  colonization  of 
artificial  tooth  fissures  in  man.  Archs.  Oral  Biol.  22:441-444,  1977. 

25.  Brown,  L.  R. ,  Wachtel,  L.  W.  and  Wheatcroft,  M.  G.  Diffusion  of 
niacin  through  extracted  human  teeth  and  its  effect  on  bacterial  penetra¬ 
tion  into  dentin.  J.  Dent.  Res.  41:684-694,  1962. 

26.  Brown,  L.  R.  and  Wachtel,  L.  W.  In  vitro  caries  factors  influencing 
the  shape  of  the  developing  lesions.  Archs.  Oral  Biol.  8:99-107,  1963. 

27.  Padike,  A.  w.  Criteria  for  diagnosis  of  dental  caries,  Proceedings 
of  the  Conference  on  the  Clinical  Testing  of  Cariostatic  Agents.  Chicago, 
American  Dental  Association,  1972. 

28.  Ellen,  R.  P.  and  Balceryak-Racykowski.  Differential  medium  for 
detecting  dental  plaque  bacteria  resembling  Actinomyces  viscosus  and 
Actinomyces  naeslundii.  J.  Clin.  Microbiol.  2:305-310,  1975. 


i 


29.  Kornman,  K.  S.  and  Loesche,  W.  J.  A  new  medium  for  isolation  of 
Actinomyces  viscosus  and  Actinomyces  naeslundii  from  dental  plaque. 

J.  Clin.  Microbiol.  7:514-518,  1978. 

30.  Jordan,  H.  V.  ,  Krause,  B.  and  Moller,  A.  A  method  of  sampling  human 
dental  plaque  for  certain  "caries-inducing"  streptococci.  Archs.  Oral 
Biol.  13:919-927,  1968. 

31.  Shklair,  I.  L.  and  Keene,  H.  J.  A  biochemical  scheme  for  the  separation 
of  the  five  varieties  of  Streptococcus  mutans .  Archs.  Oral  Biol.  19:1079- 
1081,  1974. 

32.  Buchanan,  R.  E.  and  Gibbons,  N.  E.  Bergey's  Manual  of  Determinative 
Bacteriology,  8th  ed.  Baltimore,  The  Williams  and  Wilkins  Co.,  1974, 

pp.  580. 

33.  Loesche,  W.  J.  and  Straff on,  L.  H.  Longitudinal  investigation  of  the 
role  of  Streptococcus  mutans  in  human  fissure  decay.  Infect.  Immun.  26: 
498-507,  1979. 


\ 


Q) 

0) 

■P 

<TJ 

r- 

' — ■  r— 1 

o  0 

—  © 

cn  cn 

T*  w 

II  M 

<0 

z 

CN  0 

0 

+  9 

0  _5| 

• 

0 

m 

z 

k  x : 

m  tn  o. 

•H  4J  h  <? 
4)  C  >  T! 
U3  Ifl  4)  -H 
<0  r-j  U  V 
V  04  J3  US 


o  JMMUI 


of  the  Total  Streptococcal 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  of  THIS  PAGE  (When  Dete  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

i 

«.  TITLE  (tnd  Submit) 

£HE  I^CTERIAL  £L0RA  OF  INCIPIENT  jJCCLUSAL  j 

LESIONS  in  ^javSl  recruits^  ' 

"  _ J 

s.  jYPE  Qg  snaAiA-aman  covered. 

(  ZL  \  rr  ‘  ‘  !  ^  "  \ 

^Tndri-pr  stf-io'  1 

J.  £. /meters/ M.  R.  /ujRTHLIN ,  JR.  ami  ] 

T.  L.l  SllKLAIR  ^  *  !„ _ _ I - ' 

'  k  .1 

"I.  ‘LSHi  rali  ur  uMAliV  uumamr*/ - " 

ti  i'-  ■  ■■■■/! 

Naval  Dental  Research  Institute 

Naval  Base,  Bldg.  1-H 

Great  Lakes,  TL  60088 

10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
A»e*>*  WORK  UNIT  NUMBERS 

(  /  7), - - n 

61152N]  MRQOOOlOlj.  0024 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Medical  Research  and  development  Command  /T 
National  Naval  Medical  Center  1. "j 

Bethesda,  Maryland  20014 

1  jyi* vmsef  /  £  ^  + 

19 

14  MONITORING  AGENCY  NAME  6  ADDRESSffl  dllletmt  from  Controlling  OHict) 

Bureau  of  Medicine  and  Surgery 

Department  of  the  Navy 

Washington,  D.  C.  20372 

15.  SECURITY  CLASS,  (ol  (61a  raporl) 

UNCLASSIFIED 

I5«.  DECLASSI  FI  CATION 'DOWN  GRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thta  Report) 


This  document  has  been  approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (of  the  mbetract  entered  In  Block  20,  It  different  from  Report) 

This  document  has  been  approved  for  public  release;  distribution  unlimited. 


t*.  SUPPLEMENTARY  NOTES 


It.  KEY  WORDS  (Continue  on  reveree  aide  If  neceeeery  end  Identify  by  block  number) 

Dental  caries 
Bacteria 

Preventive  dentistry 


20.  ABSTRACT  ( Continue  on  rereree  elde  If  neceeeery  end  Identify  by  block  number) 

- The  bacterial  contents  of  occlusal  surface  pit  and  fissure  incipient  dental 
caries  was  studied,  following  excavation  of  the  fissures  in  naval  recruits. 
Streptococcus  mutans  was  recovered  from  all  carious  fissures  and  in  signifi¬ 
cantly  greater  numbers  in  the  carious  fissures  than  from  non-carious  fissures, 
and  was  most  often  the  predominant  member  of  the  bacterial  population  in 
carious  fissures. 

_ K _ 

oo  1  JAN  71  1473  i-  «OITION  of  t  NOV  •>  IS  oMOLtrt  UNCLASSIFIED 


5  N  0102-  IF-  014-  6601 


SCCURITY  CLASSIFICATION  OF  THIS  FAOC  fWian  Dmlm  Knttnd) 


